Abstract Cutaneous leishmaniasis (CL) is a major public health problem in tropical and subtropical countries worldwide. Treatment of CL by pentavalent antimony compounds remains a challenge because of limited efficacy, toxic side effects and drug resistance. In the present study, in vitro antileishmanial and cytotoxic activity of garlic extracts against promastigote forms of Leishmania tropica and murine macrophages was evaluated by colorimetric cell viability (MTT) assay. The results revealed that the methanolic and aqueous extracts of garlic were effective in inhibiting promastigote growth of L. tropica with IC 50 (50 % inhibitory concentrations) values 12.3 and 19.2 lg/ml, respectively. In addition, methanolic and aqueous extracts of garlic showed low cytotoxicity against murine macrophages with CC 50 (cytotoxicity concentration for 50 % of cells) values 291.4 and 348.2 lg/ml, respectively. Findings of present study were the first step in the search for new antileishmanial drugs. However, further works are required to evaluate exact effect of these extracts in volunteer human subjects.
Introduction
Cutaneous leishmaniasis (CL) is a protozoan infection caused by protozoa of the genus Leishmania. The disease is characterized by chronic skin lesions, leaving permanent scars with deformation of the infected area (WHO 2010) . CL is a public health problem on a global level because it affects 1.5 million people annually, worldwide (Desjeux 2004) . In Iran, both epidemiological forms of this skin disease are present; anthroponotic CL (ACL) and zoonotic CL (ZCL) caused by Leishmania tropica and Leishmania major, respectively (Sharifi et al. 2012) . At present, treatment of leishmaniasis by antimonials drugs such as meglumine antimoniate and sodium stibogluconate, remains a challenge because of limited efficacy, toxic side effects and drug resistance (Croft et al. 2006 ). Thus, these factors render development of new effective antileishmanial drugs as a requirement. From last decades, natural products and their compounds have been the most productive source for new drug development (Rocha et al. 2005) . Garlic (Allium sativum) is a perennial bulb-forming plant that belongs to the family of Liliaceae. It has been known to possess dietary and medicinal properties (Eja et al. 2007 ). Up to now, antioxidant (Harris et al. 2001) , antitumor (Milner 1996) , antiviral (Weber et al. 1992; Meng et al. 1993; Waldman 1993) , antifungal (Ghannoum 1990; Cai 1991) , antibacterial (Ross et al. 2001; Martin and Ernst 2003) , antiprotozoal (Soffar and Mokhtar 1991; Harris et al. 2000; Behnia et al. 2008) , and antihelminthic (Abdel-Salam et al. 2008; Moazeni and Nazer. 2010 ) effects of garlic have been shown. However, to the best of our knowledge and according to a survey of the literature, the effect of garlic extract on L. tropica remains mainly unexplored. Therefore, the present study was aimed to evaluate the in vitro antileishmanial potentials of various extracts of garlic (Allium sativum) against L. tropica as pathogenic parasitic strain.
Materials and methods

Chemicals
Meglumine antimoniate (MA, Glucantime) as a control drug was purchased from Rhône, Poulenc, France. Penicillin and streptomycin were obtained from Alborz pharmacy, Karaj, Iran, and were stored at room temperature (25°C) until testing. MTT powder [3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl tetrazolium bromide)], fetal calf serum (FCS) and RPMI-1640 medium with L-glutamine were prepared from Sigma-Aldrich (St. Louis, MO, USA). All the other chemicals and solvents were of analytical grade. 
Plant collection and authentication
The garlic bulbs were collected from the farms in the Baft district of Kerman province, South East Iran in May 2013. The identities were confirmed by the botanist at the Botany Department of Shahid Bahonar University, Kerman, Iran.
Preparation of extracts
To prepare the methanolic and aqueous extracts, garlic bulbs were peeled, chopped into small pieces, dried under shade, and ground mechanically using a commercial electrical blender. To prepare the methanolic and aqueous extracts, 100 g of dry garlic powder was added to 400 ml of pure methanol and water respectively and then mixed gently for 1 h using a magnetic stirrer. The obtained solution was left at room temperature for 24 h. The solution was stirred again and filtered and then the solvent was removed by evaporation in a rotating evaporator. The remaining semisolid material was then freeze-dried. The obtained residue (5.5 g) was placed into a sterile glass container and stored at 4°C for further use.
Antileishmanial effects against promastigote forms
In this investigation, colorimetric cell viability (MTT) assay was used to evaluate leishmanicidal effects of garlic extracts on promastigote forms of L. tropica according to the method described elsewhere (Mahmoudvand et al. 2014a) . Initially, 100 ll of the promastigotes (10 6 cells/ml) harvested from logarithmic growth phase was added to a 96-well microtiter plate. Then, 100 ll of different concentrations (0-200 lg/ml) of each plant extract was added to each well and incubated at 25°C ± 1°C for 72 h. After incubation with the extracts, 10 ll of MTT solution (5 mg/ ml) was added to each well and incubated at 25°C for 4 h. Then, cold isoprppanol was added as a solvent for foramazan crystals to produce purple color. Finally, absorbance was measured by an ELISA reader (BioTek-ELX800) at 490 nm. The promastigotes were cultured in the complete medium with no drug used as positive control and with no promastigotes and drugs as blank. 50 % inhibitory concentrations (IC 50 values) were also calculated by probit test in SPSS software.
Isolation of peritoneal murine macrophages
In order to evaluate cytotoxic activity of garlic extracts, peritoneal murine macrophages were collected from male healthy BALB/c mice (4-8 weeks old) by injecting 2-5 ml of cold RPMI-1640 medium into mouse peritoneal cavity. Then, the aspirated macrophages were washed twice and re-suspended in RPMI-1640 medium. The experimental procedures carried out in this survey were in compliance with Standard Guidelines of Ethical Committee of Kerman University of Medical Sciences (Kerman, Iran) for Care and Use of Laboratory Animals.
Cytotoxic activity
To determine cytotoxic effects of garlic extracts, the CC 50 (cytotoxicity concentration for 50 % of cells) determination of extracts on peritoneal macrophage cells was carried out by colorimetric cell viability (MTT) assay using the method described by Mahmoudvand et al. (2014b) . Briefly, the macrophage cells were plated at 10 6 cells/ml in 96-well Lab-Tek (Nunc, USA) and left to adhere for 2 h at 37°C in 5 % CO 2 . Non-adherent cells were removed by washing with medium after 2 h of incubation in similar conditions. In the next step, 190 ll of complete RPMI medium was added to each well and later 10 ll of dilutions of the extracts (previously prepared in medium) was added. The macrophages were treated with the extracts from 50-1,000 lg/ml for 72 h in 37°C in 5 % CO 2 .
Statistical analyses
In this study, all the experiments were repeated in triplicate. We used SPSS software, ver. 17, (SPSS Inc., Chicago) for data entry and statistical analysis and differences between the groups were determined using one-way analysis of variance (ANOVA) test. Moreover, to compare IC 50 values of the groups, t test was performed. P value of less than 0.05 was considered statistically significant. The selectivity index (SI) calculated based on the equation of CC 50 for peritoneal macrophage cells/IC 50 for promastigote forms of L. tropica was used to compare toxicity and activity of the crude extracts, as described by Weninger et al. (2001) .
Results
Antileishmanial effects
Antileishmanial effects of various extracts of garlic against promastigote forms of L. tropica were determined by MTT assay. As shown in Fig. 1 , various extracts of garlic particularly methanolic extract were found to have potent antileishmanial effects against promastigote forms of L. tropica based on a dose-dependent manner (P\ 0.05). The measured IC 50 values for methanolic and aqueous extracts were 12.3 and 19.2 lg/ml against promastigote forms of L. tropica, respectively. In addition, MA as control drug demonstrated high antileishmanial effects with IC 50 value of 15.4 lg/ml against promastigote forms of L. tropica.
Cytotoxic activity
The garlic extracts exhibited very low cytotoxicity against on peritoneal murine macrophages. The CC 50 values of methanolic and aqueous extracts against peritoneal macrophage cells were 291.4 and 348.2 lg/ml, respectively. In addition, The SI values of methanolic and aqueous extracts of garlic were show in Table 1 .
Discussion
Previous studies revealed that medicinal plant extracts due to having less side effects, low cost and high availability are a successful approach to control a wide range of diseases, such as leishmaniases. As mentioned, according to the previous experimental studies antiviral, antifungal, antibacterial, antiprotozoal, and antihelminthic effects of garlic extracts have been reported. In this investigation, we indicated high potential methanolic and aqueous extracts of garlic as a natural source for the production of new antileishmanial drugs on an in vitro model. Our findings exhibited potent antileishmanial effects of garlic various extracts particularly methanolic extract against promastigote forms of L. tropica with IC 50 values 12.3 and 19.2 lg/ ml, respectively. While, this value for MA as control drug was 15.4 lg/ml against promastigote forms of L. tropica. In line with our results, Wabwoba et al. (2010) revealed that garlic extract had significantly better (P \ 0.001) leishmanicidal activity against both species (IC 50 34.22 lg/ ml to L. major, 37.41 lg/ml to L. donovani) than pentostam as control drug after 48 h incubation. Moreover, they showed that treatment with the extract, daily for 28 days led to a significant reduction (P\ 0.05) in footpad swelling in BALB/c mice similar with standard drugs. These differences of values between present study and study conducted by Wabwoba et al. (2010) might be related to time of incubation, type of control drug, species of Leishmania and methodology. The results of present study also showed that SI values the methanolic and aqueous extracts of garlic was more than ten which indicated their safety to the macrophages and specificity to the parasite based to Weninger et al. (2001) In consistent with our findings Wabwoba et al. (2010) showed that garlic extract have low toxicity (IC 50 [ 450 lg/ml) against Vero cells. Therefore, the present results were in agreement with those of previous studies in demonstrating antileishmanial and cytotoxic activities of garlic extracts. To conclude, Findings of present study revealed high leishmanicidal activity garlic extracts against L. tropica that indicated the potential of garlic as a natural source for the production of new antileishmanial agent for use in cutaneous leishmaniasis. However, further studies will be needed to confirm these results by checking the garlic extracts in volunteer human.
